Introduction: Medical Education has recently taken its position in Health professional education, however still it is not very popular in Dentistry, though professional are working hard to apply its principals. In the recent past Orthodontic education has been revolutionized and instructional strategies and designs to reduce the cognitive load and improve learner's germane load have been employed. However literature discusses educationist`s perspective while student`s perspective regarding this have not been explored much. Aim of this study is to assess student`s perspective about different instructional strategies discussed through examples used to manage cognitive load in Orthodontic Education.
Introduction
It is important for teachers to find the "sweet spot" for engaging all students in learning. Orthodontic education in the same context has been revolutionized. Rather than didactic lectures there is a blend of interactive lectures, small group teaching, demonstrations and work based teaching. All of these strategies mend to reduce the cognitive load of the subject and tend to improve the student learning. Managing cognitive load for appropriate student learning is thus pivotal in an educational setup; hence it is important to understand applications of Cognitive Load Theory (CLT) in medical education in general and in orthodontics specially. 1 Cognitive load theory (CLT) was presented by John Sweller in 1988 that relates three key components of the human mind framework as shown in Fig 1. 2-4 It has three main types, Intrinsic Load, Extrinsic Load and Germane Load and by managing different loads learning can be improved. when Mixed Dentition Analysis is taught in isolation, then this will be an example of low element interactivity, however if we teach them Mixed dentition Analysis with its clinical relevance in Space Management Protocol then this will be an example of high interactivity and will impose high cognitive load on a novice learner. Schema construction however can change high element interactivity to simplified form there- Extrinsic Load: Extrinsic load is unwanted component associated with the given task and is unconsciously imposed by poorly designed instructional materials. It can be minimized by avoiding distracters and reducing complexities. For example, In Orthodontics if on the very 1 st day of clinical setting teacher ask students to place brackets on patients teeth without demonstrating them, then this will be an example of extrinsic load. That extrinsic load however can be managed if teacher provides an example that how he / she places the brackets first before asking students to do so on their own.
1,2,5-7
Germane Load: Germane load is processing that facilitates effective learning and is enhanced by better instructional strategies such as problem based learning or case based learning.
1,2,5-8 For example if teacher has to discuss classification of malocclusion in relevance with the diagnosis and treatment planning then intrinsic load of this topic is high. Extrinsic load of this topic has to be reduced by utilizing different instructional designs, which will improve the germane load.
Various instructional strategies have been proposed in the literature to manage different types of cognitive load thereby improving the overall learning. However literature discusses educationist`s perspective while student's perspective regarding this have not been explored much. Aim of this study is to assess student's perspective about different instructional strategies discussed through examples used to manage cognitive load in Orthodontic Education.
Material and Methods
The study sample consisted of Sixty Six final year BDS students (12 males and 44 females) from University College of Dentistry, The University of Lahore. After obtaining informed consent they were given a questionnaire. Questionnaire comprised of 14 instruments (07 questions to reduce extrinsic load, 03 questions to manage intrinsic load and 04 question to optimize germane load) each testing one instructional strategy used in literature to manage cognitive load as given in fig 3. Since knowing the name of exact instructional strategy is beyond their scope so examples related to orthodontics were carved out that relates to the instructional strategy the best. Data was then analyzed using SPSS 17.0 and frequency and percentage for each instrument for each subject was then calculated.
Results
Student`s perspective regarding orthodontic examples for instructional strategies to manage cognitive load has been discussed in table 1.
Discussion
Various instructional strategies use to decrease extrinsic load, manage intrinsic load and optimize germane load proposed by Sweller J and John Q, have been tested through a questionnaire and student`s perspective has been evaluated. 1, 6 Reducing Extrinsic Load 08 questions were used to assess the instructional strategies used to reduce extrinsic load.
1. Goal-Free Principle. 1, 6, 9, 10 Goal Free Principle suggests replacing conventional tasks with goal-free tasks. For example while teaching Treatment Planning in Orthodontics rather than asking students to make most appropriate treatment plan for the given case, it would be better to ask them to give possible treatment options for the case in question. This will help them to explore in better way, develop schemas and understand things effectively. When this instructional strategy was questioned in this study through an example only 25.75% student responded that this will improve learning. This suggests that undergraduate students are keener to be given readymade single treatment option thereby learning through memorizing strategies rather than inculcating into thinking process. Interestingly however position holders and who have O-level / A-level background were among those who responded that this strategy is better for learning. 1, 6, 9, 10 2. Worked Example 1, 6, [9] [10] [11] [12] Worked Example provides learner with at least one demonstration before asking the learners to search for the solution themselves. For Example let students criticize a ready-made treatment plan several times for Problem completion provide learner with a partially completed problem and ask them to complete the missing steps. For Example when we have to teach Composite Cephalometric Analysis to students ask them to do Sagital Skeletal Analysis first, then Vertical analysis, then the dental analysis and finally the soft tissue analysis rather than asking them to do the whole Cephalometric analysis in one go. Another Example is that if you are given partial problems first and then subsequently given the whole case to plan will impose less cognitive load then if you are given a cases to solve in one go. This step wise sequential building of knowledge builds on learning. 42.42% of the students responded positive to first question while 57.57% responded positive to second question which supports role of this instructional strategy in reducing extrinsic load.
1,6,9-12
The Signaling Effect

4
The Signaling Effect suggests that people learn better when the material is organized with clear outlines and headings. When teachers are teaching orthodontics, material should be organized For Example when orthodontic diagnosis is taught in the classes at the same time they should be discussed and hands on activities should be performed in the clinics. 45.45% of the students responded positive to this question 5 which is in agreement with what is suggested by the literature. 4 Redundancy Principle means replacing multiple sources of information that are self -contained with one source of information. For Example better learning takes place when the topic is discussed by one of the most effective way of explaining it rather discussing same topic in both written format and through a flow chart. Only 22.72% of the students responded positive to the question related to redundancy principle which actually means that student still wants that things should be repeatedly explained and in different formats. 1, 6, [9] [10] [11] [12] 8. Personalization Principle 4, 8 Personalization Principle suggests that people learn better when words presented are conversational rather than expository. For Example when teaching orthodontics, conversational mode of teaching should be adopted to gain the interest. Etiology of Cleft Lip and Palate rather than discussing flat can be placed in an interactive way such as: "Parents of new born baby with a unilateral cleft lip come to the neonatologist. Parents were concerned about why this happened to their baby. Mother of the baby was herself having the repaired cleft of the lip. What could be the most possible cause of Cleft Lip and palate in this case?" 42.42% of the students responded to this question positively which is in agreement with literature supporting Personalization Principle. 4, 8 Thus extrinsic load can be reduced employing above mentioned principles, this will reduced cognitive load and will induce conceptual, analytical and inquisitive approach in students.
Split Attention
Managing Intrinsic Load
Intrinsic Load can`t be reduced by instructional designs but can be managed through different instructional strategies in Orthodontics education. 1, 6, 9, 10, 16, 17 Gradually replace tasks with relatively low complexity with tasks having full complexity. For Example we can ask our students to place one/ two bracket first on the patients and then few brackets and finally we can ask them to bond both arches. Similarly we can ask our students to replace few ligatures first and then gradually we can bring them to the level that they can change the ligatures in both arches. 59.09% of the students responded positively to question related to simple to complex strategy. 1, 6, 9, 10, 16, 17 2. Progress from low-to high-physical fidelity 1, 6, 9, 10, 16, 17 Work from tasks with a low physical fidelity to tasks with a higher physical fidelity. For Example we can manage intrinsic load by discussing paper-based patient cases at the commencement of the program to scenarios using mannequins and then to the real patients. 59.09% of the students responded positively to the question related to this principle which is in accordance to what is reported in literature. 1, 6, 9, 10, 16, 17 3. Two-phase isolated-interactivity strategy 7 People learn better through two-phase isolated-interactivity strategy, whereby isolated elements are presented in the first phase so that learner can form schema, while in the 2 nd phase explanations and interactions of different elements are explained.
Simple-to-complex Strategy
7 For Example while teaching Cephalometric analysis first demonstrates land marks, than lines and angles, then actual analysis and finally interpretations. 45.45% of the students responded positively to the question related to this principle which is in accordance to what is reported in literature.
Optimizing Germane Load
Aim of teaching is to ultimately improve the Germane Load by reducing extrinsic load and managing intrinsic load through different instructional designs. 1, 6, 9, 18, 19 Different versions of a task are practiced in a random rather than blocked order. For Example in perspective of Growth & Development if we have to discuss the derivatives of Pharyngeal arches rather than asking them to list the derivatives of each arch, we can ask them to specify that from which pharyngeal arch Ear Osssicles gets derived, from which pharyngeal arches tongue gets derived etc. This will improve the Germane Load i.e. the learning. 53.03% of the students responded positively to question no. 13 related to this principle which is in accordance to what is reported in literature. 1, 6, 9, 18, 19 2. Variability 1, 6, 9, 18, 19 Learning is enhanced when the variability of the task/ problem is increased. For Example when discussing management of Thumb Sucking we can discuss its management in different age groups or we can discuss it under the headings of Preventive, Interceptive, comprehensive and surgical Orthodontics. This variability and comparison improves the learning process. 53.03% of the students responded positively to question no 13 related to this principle which is in accordance to what is reported in literature. 1, 6, 9, 18, 19 3. Self-Explanation Principle 1, 6, 9, 18, 19 Replace separate worked examples or completion tasks with enriched ones containing prompts, asking learners to self-explain the given information. For Example for students learning Orthodontic Biomechanics, present an animation of say V Bend works and provide prompts that ask them to self -explain the underlying mechanisms. This will improve the think process and thus the learning. 66.67% and 69.69% of the students responded positively to question no 14 and 15 respectively related to this principle which is in accordance to what is reported in literature. 1, 6, 9, 18, 19 4. Imagination 1, 6 Learners perform better when asked to imagine a concept or procedure rather than by studying it. For Example Ask the students to visualize the steps of the procedure such as TAD placement before actually applying it on the patient. 66.67% and 69.69% of the students responded positively to question no 14 and 15 respectively related to this principle which is in accordance to what is reported in literature. 1, 6, 9, 18, 19 
Contextual Interference
Conclusion
While teaching Orthodontics we can mange cognitive load of the subject by using different instructional strategies. So it is important for course designers, curriculum designers and teachers to utilize these strategies to make the subject more understanding thereby enhanceing the learning process of the students. Student`s perspective in this regards as assessed through questionnaire is mostly in accordance with the literature, except for goal free principle where only 25.75% student responded that this instructional strategy will improve learning.
